During the past ten years a number of papers* have been published dealing with the relationship between antisocial behaviour and electro-encephalographic abnormality. The subjects of these enquiries have ranged in degree of behavioural instability from truants to aggressive recidivists in prison, and in ages from childhood to the late forties. With one exception (Gibbs and others, 1945) , the results both in studies of children and of adults, suggest a significantly increased tendency for the electro-encephalographic records to be abnormal in subjects whose behaviour has brought them consistently into collision with society. The abnormalities noted are by no means specific, and their incidence ranges from 34 per cent. (Gibbs and others, 1942) to 82 per cent. (Hill and Watterson, 1942) .
Since 1942 the opportunity has been taken to record the electro-encephalogram of sixty-four prisoners facing charges of murder; at first the selection of these subjects was governed by the wishes of the prison authorities or of those responsible for the prisoner's defence; but in the past two years the principle has been extended so that the latter part of the present series of cases represents a consecutive unselected sample of prisoners on a capital charge.
Method of Investigation
Full personal and family histories were obtained from each of the sixty-four prisoners, as well as details of the charge and trial proceedings. They were combined in every instance with a routine physical examination, an examination of mental state, and an electro-encephalogram. Subsequently, and before the electro-encephalographic records were studied at all, the cases were assessed on a purely clinical basis in the light of all the available information, and grouped under one of five headings to be described. Finally, in each case, the electro-encephalogram was analysed, and the records grouped and compared with the results of the clinical assessment.
* See starred references.
Clinical Material
The sixty-four prisoners consisted of fifty-eight men and six women. The youngest was a boy of 14 (Case 14), the eldest a man of 60 (Case 54). In not all was the charge of murder proved; in fifteen cases it was reduced to one of manslaughter, and three were found not guilty. Fifteen of the prisoners were ultimately considered to be guilty but insane, insane on arraignment, or insane after a statutory enquiry. Fourteen were executed.
Details of Investigation The basis of clinical assessment of the five groups of cases was as follows.
Group 1 consisted of cases in which the killing had been incidental to the commission of another crime or had been in self defence. Cases in which harm had been intentional, as for example a blow on the head during a robbery, were not included. EXAMPLES Cases 47 and 63.-Two young men, finding themselves in financial difficulties, decided to break into a shop and steal therefrom any money they could find. They observed the times at which the old man in charge went to lunch, and lying in wait for him on his return they overpowered him and gagged him with a piece of curtain material. After an unsuccessful search for money they left the shop hurriedly and the old man was found some hours later suffocated by the gag.
Case 62.-A young man had separated from his wife following frequent quarrels with her because of her allegedly immoral life. He met her one day in the street, a quarrel ensued and she attacked him with a knife. In the struggle which followed she was stabbed in the chest and died.
Group 2 included all cases in which it was considered that there was a clear motive for killing or in which death followed intended violence during the commission of another crime. Group 5.-The last group consisted of those persons who were found unfit to plead or guilty but insane at their trials or who were subsequently found to be insane at a Statutory Enquiry. One case (Case 10) was included in Group 3 rather than in this group because no evidence was given at the trial that he was insane and there was no suggestion at any time during the period of observation that he was insane. As the result of an eloquent speech by his counsel, however, a sympathetic jury found him to be guilty but insane.
EXAMPLES
Case 39.-A young man had not felt well and refused to go to work. His mother rebuked him and he felled her with a flat iron and carried her body to the cellar. On reception he was confused, depersonalized, and had delusions of persecution. There was thought-blocking and poverty of affect and he was a clear case of schizophrenia.
Case 11.-A young man of 28 years was received in a state of excitement and suffering from delusions that he was being drugged and that all his strength was being drawn out of him through his penis. He thought that his uncle was responsible and he killed him with a flat iron. Whilst under observation he had many epileptic attacks which were followed by excitement and confusion.
On the basis of this grouping the 64 Investigation of Electro-encephalograms The electro-encephalograms (EEG) were obtained mainly with a Grass 3-channel standard electroencephalograph using ink-writing oscillographs, although a few of the cases were examined with an Ediswan 6-channel apparatus. Bipolar electrodes were used in all cases, records being obtained from serial positions in antero-posterior and transverse planes of the head. All subjects were examined after twelve hours' fasting. The total recording time PRISONERS CHARGED WITH MURDER was never less than thirty minutes. At the end of the recording, each subject was induced to overbreathe for a further period of three minutes, and, in the event of significant alteration ip the E.E.G., blood was taken for estimation of the sugar concentration. The subject was then given 100 g. of glucose by mouth and the overbreathing test repeated after thirty minutes, the blood sugar level being again estimated. In the assessment of results, the E.E.G. response to overbreathing was not by itself considered significant as a criterion of abnormality. The E.E.G.s have been divided into four groups, reflecting the degree of abnormality. These have been called " normal," " mild unspecific," " severe unspecific," and " specific, focal, or epileptic abnormality."
Normal Electro-encephalograms. (Heppenstall, 1944 rhythm (that is, amplitude greater than rhyShms of normal frequency) at less than 4 c/sec. Specific, Focal, or Epileptic Abnormal Electro-encephalograms.-In this group were included the following abnormalities, which are additional to any described under previous headings: gross asymmetry of the rhythms on the two hemispheres, in respect to frequency, amplitude, or distribution; the presence of abnormal activity-slow, fast, transient, "spike" or "sharp" wave located to a focal area by the method of phase reversal for the potentials seen in two channels connected in series to a common electrode; or the presence of 3 c/sec. wave and spike activity or variants of these complexes, seen either as " slow spike and waves " or mixed slow waves and multiple spikes. 
Results
The results of the electro-encephalograms in each of the five groups are shown in Table I . Table IL Normal Severe, Unspec. Normal suffered from traumatic epilepsy, and had a specific epileptic E.E.G. Two other subjects (Cases 16 and 18) had mildly abnormal unspecific E.E.G.s, and it is interesting that in each case the murders had very poor motives and might possibly have been included in Group 3. One murdered a prostitute, allegedly because she stole his wallet, though at the trial it was suggested that he had robbed her; the other murdered his paramour on the flimsiest of pretexts of jealousy. Reconsideration of the four men with normal E.E.G.s in Group 3 (Cases 3, 10, 14, and 36) did not reveal that they had been misplaced in the group, for in every case the murder appeared to be completely without motive of any real strength.
While results in Group 4 may be too few for significance, the eight cases being equally divided between normal and abnormal, Group 5 showed a very high proportion of abnormal records. In order better to appreciate the type of cases encountered in Group 5, the final diagnoses are given in Table III .
Discussion
The marked preponderance of abnormal records in Groups 3 and 5 (73 per cent. and 86 per cent. respectively) suggests strongly that whatever the nature of the cerebral dysfunction which such abnormal records indicate, it is significantly correlated with a capacity to commit violent acts of an apparently motiveless character. These cases include not only aggressive psychopaths such as Case 31, a man of 22 who battered to death with a hammer a woman who asked him to stop fooling about with the lights, following this by killing with the same hammer the child of his-victim, both murders taking place in the presence of his wife; they include also individuals who are clinically apparently perfectly normal: Case 1, already quoted as an example of Group 3, being one. In both these cases the abnormality of the E.E.G. was regarded as unspecific but definite. It is of interest that Group 3 cases as a whole exhibit a higher percentage of abnormal records even than Hill and Watterson's (1942) aggressive psychopaths.
The still higher proportion of abnormal records in Group 5 may be accounted for by the fact that five of them were epileptics and a further two grossly -aggressive psychopathic personalities, with characteristic records.
In contrast, Group 1, the " accidental murder" group contains less than 10 per cant. of abnormal records, approximating closely to the proportion found in the general population (Williams, .1941 ), while Group 2-the motivated group-contains 25 per cent. of abnormal records which may correspond to the 34 per cent. found in a group of one hundred unselected criminals by Gibbs and others in 1942 , and to the 31 per cent. quoted by the same writers for the murderers in this group after they had enlarged it by selection to include seventy-five men convicted of this crime. It compares also with the figure of 26-7 per cent. for the normal prison population given by Silverman (1943) . Rosanoff (1943) , in a clinical study of thirty consecutive cases oftnen convicted of murder, diagnosed no fewer than fourteen of them as psychopaths. A study of his case histories reveals that the thirty would have fallen under our five group headings as in Table IV. TALE IV GROUPING OF ROSANOFF'S CASES Psycho-Toa Table V , which is abstracted from the data included in the comprehensive Table II .
At a time when the public conscience is stirred over the issue of capital punishment, the potential value of the electro-encephalogram in providing the basis for a more enlightened attitude towards at least one group of criminals should not be underrated. Summary
A clinical and electro-encephalographic study of sixty-four prisoners charged with murder suggests that a significant correlation exists between apparently motiveless crime and electro-encephalographic abnormality. While this abnormality is not specific, it has been found in over 70 per cent. of prisoners whose crimes appeared motiveless but who were otherwise clinically sane and normal. The indications for further investigation of convicted prisoners falling into this group, and for their preventative detention, are discussed.
